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T h e  r e s u l t s  o f  t h i s  s t u d y  o n  e u t e c t i c s  i n  p o l y m e r i c  s y s t e n s ,  i n v o l v -
i ng  bo th  t he  requ i r emen ts  f o r  t he i r  occu r rence  and  t he  mechan i s rn  o f
t h e  e u t e c t i c  s o l i d i f i c a t i o n  r e a c t i o n ,  w i l I  b e  s u m m a r i . z e d  i n  t h i s
c h a p t e r .  I n  a d d i t i o n  a n  a t t e m p t  i s  n a d e  t o  i n d i c a t e  p o s s i b l e  f i e l d s
o f  a p p l i c a t i o n  o f  t h i s  p a r t i c u l a r  s o l i d i f i c a t i o n  p r o c e s s  o f  p o l y m e r /
d i l u e n t ( s )  a I l o y s .
The  equ i l i b r i um  theo ry  o f  F l o r y  and  Hugg ins  o f  me l t i ng  po in t  de -
p r e s s i o n  i n  p o l y n e r i c  s y s t e n s  p r e d i c t s  w e l l  d e f i n e d  e u t e c t i c  p o i n t s
i n  bo th  b i na ry  po l ymer /d i l uen t  and  t e rna ry  po l ymer , / d i l uen t / d i l uen t
s y s t e m s ,  i f  t h e  m e l t i n g  p o i n t  o f  t h e  c o n s t i t u e n t s  d o  n o t  d i f f e r  s u b -
s t a n t i a l l y .  L I o r e  s p e c i f i c a l l y ,  i n  n i x t u r e s  c o n t a i n i n g  t h e  a p o l a r
p o l y e t h y l e n e ,  a l l o w i n g  n o  s p e c i f i c  i n t e r a c t i o n s ,  a n  e x p e r i n e n t a l l y
obse rvab le  eu tec t i c  po in t  occu rs  i n  a  quas i  b i na ry  po l yne r / d i l uen t
s y s t e m  i f  t h e  m e l t i n g  p o i n t  o f  t h e  d i l u e n t  e x c e e d s  l 1 O o C .  I t  h a s
been  shown  t ha t  t o  obse rve  a  eu tec t i c  po in t  i n  a  quas i  t e rna ry  po -
l ye thy l ene /d i l uen t , / d i l uen t  sys ten  a l so  t he  b i na ry  eu tec t i c  t empe r -
a t u r e  o f  t h e  d i l u e n t s  s y s t e n  s h o u l d  e x c e e d  t t O o C  l c r r a p t e r  4 ) .
T h e  t h e o r e t i c a l l y  d e r i v e d  r e q u i r e m e n t s  f o r  t h e  o c c u r r e n c e  o f
e u t e c t i c s  h a v e  b e e n  v e r i f i e d  e x p e r i m e n t a f l y  b y  t h e  d e t e r n i n a t i o n  o f
phase  d i ag ra rns  o f  a  number  o f  po l ye thy l ene /and  po l yp ropy lene , / d i I -
u e n t ( s )  s y s t e r n s  ( C h a p t e r  5 ) .  D u e  t o  t h e  f a c t  t h a t  c r y s t a l l i z a b l e
p o l y m e r s  g e n e r a l l y  p r o d u c e  m e t a s t a b l e  s e m i - c r y s t a l l i n e  s o l i d s ,  t h e
eu tec t i c  po in t s  i n  mac rono lecu la r  sys tens  have  a  ne tas tab le  cha rac -
t e r ,  and  consequen t l y  a re  dependen t  on  expe r imen ta l  c i r cums tances .
N e v e r t h e l e s s ,  t h e  e u t e c t i c  t e m p e r a t u r e  a n d  c o r n p o s i t i o n  c o u l d  b e  d e -
s c r i b e d  v e r y  w e l l  b y  t h e  s i n p l i f i e d  r e l a t i o n s  d e r i v e d  b y  F l o r y  f o r
me l t i ng  po in t  dep ress ion  i n  mac romo lecu l - a r  sys tems ,  when  t he  i n f l u -
e n c e  o f  t h e  a m o r p h o u s  f r a c t i o n  a n d  c r y s t a l l i n e  d e f e c t s  o n  t h e  n e l t -
i ng  po in t  and  hea t  o f  ne l t i ng  o f  t he  po l ymer  was  t aken  i n t o  accoun t
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by subst i tut ion of  the exper imental  value for  these parameters.
The  nechan i sm o f  t he  eu tec t i c  so l i d i f i ca t i on  o f  po l y rne r / d i l uen t ( s )
systems has been invest igated by studying the inf luence of  the sol i -
d i f i ca t i on  pa rame te rs  i n  t he  s imu l t aneous  c r ys ta l l i za t í on  p rocess  on
the  m ic ros t r uc tu res  p roduced .  As  ou t l i ned  i n  Chap te r  2  and  3 ,  t hese
pa rame te rs  a re  t he  ra te  o f  so l i d i f i ca t i on  ( i n  t he  un id i r ec t i ona l  so -
l i d i f i ca t i on  expe r imen ts ) ,  t he  unde rcoo l i ng  and  t he  f ace ted  o r  non -
f ace ted  behav iou r  o f  t he  d i l uen t s .  I nves t i ga t i ons  we re  pe r f o rmed
us ing  l i gh t -  and  scann ing  e l ec t r on  m ic roscopy  (Chap te r  6 ) .  I t  was
found  t ha t  uncoup led ,  nuc lea t i on  con t ro l l ed ,  g row th  o f  t he  cons t i t u -
ents occurred at  rates of  sol id i f icat ion lower than about 3 mn,/hr  in
a  t empe ra tu re  g rad ien t  o f  3oc7nn .  The  eu tec t i c  m i c ros t r uc tu res  p ro -
duced  cons i s t ed  o f  r andom ly  m i xed  c r ys ta l s  o f  t he  cons t i t uen t  phases .
At  growth rates exceeding 3 mnr/hr  the nature of  t le s imul taneous so-
l i d i f i ca t i on  o f  mac romo lecu les  and  d i l uen t  mo lecu les  depended  on  t he
face ted  o r  non face ted  hab i t  o f  t he  d i l uen t .  Weak l y  coup led  eu tec t i c
growth of  the conponents was observed in systems contain ing a faceted
g row ing  d i l uen t ,  such  as  1 ,2 ,4 ,S - t e t r ach lo robenzene .  Comp lex  regu la r
m ic ros t r uc tu res  we re  p roduced  w i t h  a  cha rac te r i s t i c  d i nens ion  o f
abou t  O .7  | . t n .  I n  t he  so l i d i f i ca t i on  o f  mac romb lecu la r  sys tems  com-
p r i s i ng  a  non face ted  g row ing  d i l uen t ,  such  as  pen tae ry th r i t y l t e t r a -
b ron ide  o r  bo rny l ch l o r i de ,  t he  eu tec t i . c  r eac t i on  p roceeded  i n  a  s t r ong -
Iy coupled manner.  A lamel lar  microstructure was produced by the po-
l ye thy l . ene lbo rny l ch l o r i de  eu tec t i c .  The  sys tem i so tac t i c  po l yp ropy -
I ene , / pen tae ry th r i t y l t e t r ab rom ide  f o rmed  a  rod  eu tec t i c  m i c ros t r uc tu re ,
i n  wh i ch  d i l uen t  r ods  we re  d i spe rsed  i n  a  po l ymer  ma t r i x .  I n  bo th
n i c ros t r uc tu res  t he  mean  cha rac te r i s t i c  d imens ion  (À )  r anged  f r on
O.1 -1  Un ,  and  depended  on  t he  g row th  ra te  (R )  acco rd i ng  t o  t he  re l a -
t i on  À2 .R ,=  cons tan t .  The  va lue  o f  t he  cons tan t  amoun ted  t o  abou t  10 -9
a
nm" / s ,  Th i s  va l ue  i s  i n  ag reenen t  w i t h  t he  one  ca l cu l a ted  w i t h  t he
theo ry  o f  sma l l  mo fecu la r  and  a tom ic  eu tec t i c  g row th  o f  Jackson  and
l l un t ,  us i ng  t he  c r ys ta l l i za t j . on  po in t  cu r ves  o f  t he  me tas tab le  po l yne r
c r y s t a l s .
Desp i t e  t he  comp lex i t y  o f  t he  s i . n ru l t aneous  c r ys ta l l i za t i on  i n  con -




h i b i t e d  a  n o n f a c e t i n g  c h a r a c t e r  a t  r a t e s  o f  s o l i d i f i c a t i o n  e x c e e d i n g
3  m m l h r ,  i n d j - c a t i n g  t h a t  i n  t h i s  s o l - j . d i - f i c a t i o n  p r o c e s s  t h e  c h a i n
s e g m e n t s  s h o u l d  b e  c o n s i d e r e d  a s  t h e  c r y s t a l l i z i n g  e n t i t i e s .
O b v i o u s l y ,  a  d i s c u s s i o n  o n  t h e  p o s s i b l e  a p p l j - c a t i o n s  o f  e u t e c t i c
s o l i d i f i c a t i o n  o f  p o l y m e r  s o l u t i o n s  c a n n o t  b e  a  c o m p l e t e  t o p i c .  T h e
p r e s e n t  s t u d y  w a s  u n d e r t a k e n  t o  e x p l o r e  t h e o r e t i - c a I  a n d  e x p e r i m e n t a l
r e q u i r e m e n t s  f o r  t h e  o c c u r r e n c e  o f  e u t e c t i c s  1 n  p o l . y m e r i c  s y s t e m s
a n d ,  r n o r e o v e r ,  t o  g a i n  s o m e  u n d e r s t a n d i n g  o f  t h e  v e r y  n a t u r e  a n d  t h e
u n d e r l y i n g  m e c h a n i s m  o f  t h e  s i m u l t a n e o u s  c r y s t a l l i z a t i o n  o f  m a c r o -
a n d  s m a l l  m o l e c u l - a r  s p e c i e s .  F o r  t h i s  p u r p o s e  m o d e l  s y s t e m s  h a v e  b e e n
s e l e c t e d ,  i n  w h i c h  n o  s p e c i f i c  f e a t u r e s  w e r e  e x p e c t e d  t o  o c c u r  o b -
s c u r i n g  t h e  e u t e c t i c  s o l i d i f j . c a t i o n  p r o c e s s ,  r a t h e r  t h a n  c o m p o s i n g
p o l y m e r i c  s y s t e m s  f r o m  c o m m e r c i a l  p o l y m e r s  a n d  w e f l - c h o o s e n ,  a p p l i e d ,
a d d i t i v e s .  N e v e r t h e l e s s ,  o u r  p r e s e n t  u n d e r s t a n d i n g  o f  e u t e c t i c  s o l i -
d i f i c a t i - o n  o f  p o l y m e r  s o l u t i o n s  a l l o w s  u s  t o  i n d i c a t e  p o s s i b l e  i n t e r -
e s t i n g  f i e l d s  o f  a p p l i c a t i o n  o f  t h i s  p r o c e s s .
T h e  a p p l i c a t i o n s  o f  e u t e c t i c  s o l i d i f i c a t i o n  o f  p o l y m e r  s o l u t i o n s
n a y  b e  d i v i d e d  i n  t h e  t w o  a r e a s  t o  b e  d i s c u s s e d  h e r e a f t e r .  T h i s  i s
f i r s t  o f  a I 1 ,  t h e  p r o d u c t i o n  o f  p o l . y m e r  c o m p o s i t e  m a t e r i a l s ,  r e f e r -
r i n g  t o  h e t e r o g e n e o u s  m a t e r i a l s  c o n s i s t i n g  o f  t w o  o r  m o r e  s o l . i d
p h a s e s ,  w i t h  c h a r a c t e r i s t i c  d i m e n s i o n s  i n  t h e  r a n g e  f r o m  O . O 1 - 1 O O  p m .
S e c o n d l y  e u t e c t i c  s o l i d i f i c a t i o n  o f  p o l y m e r  s o l u t i o n s  n a y  b e  a p p l j - e d
i n  p r o d u c i n g  p o r o u s  m a c r o r n o l e c u l a r  s t r u c t u r e s ,  b y  r e m o v a l  o f  t h e  d i l -
u e n t s  f r o m  t h e  s o l i d i f i e d  e u t e c t i c s .
I n  v i e w  o f  a p p l i c a t i o n s ,  t h e  m o s t  i m p o r t a n t  f e a t u r e  o f  e u t e c t i c  s o -
l i d i f i c a t i o n  i s  t h e  c h a r a c t e r i s t i c  d i m e n s i o n  o f  t h e  m i c r o s t r u c t u r e s
p r o d u c e d  ( O . 1 - 1  U n ) ,  i t s  d e p e n d e n c e  o n  t h e  g r o w t h  r a t e  ( r o u g h l y  ^ 2 . p .  =
c o n s t a n t )  a n d  t h e  p o s s i b i l j . t y  t o  a l - i g n n e n t  o f  t h e  c o n s t i t u e n t  p h a s e s
i n  t e m p e r a t u r e  g r a d i e n t s .  T h e  p h a s e  p e r i o d i c i t y  i n  t h e  m i c r o n  r a n g e
a I l o w s  t h e  p r o p e r t i e s  o f  t h e  c o m p o s i t e  e u t e c t i c  t o  d i f f e r  e s s e n t i a l l ) '
f r o m  t h o s e  o f  t h e  c o n s t i t u e n t s .  C r y s t a l s  h a v i n g  a  t r a n s v e r s e  d i a m e t e r
i n  t h e  r a n g e  o f  0 . 1 - 1 0  p m ,  a n d  a  l e n g t h  e x c e e d i n g  t h e  c r o s s  s e c t i o n  b ] '
o r d e r s  o f  m a g n i t u d e ,  a r e  g e n e r a l l y  r e f e r r e d  t o  a s  w h i s k e r s .  T h e s e
w h i s k e r - l i k e  c r y s t a l s  f r e q u e n t l y  e x h i b i t  u n i q u e  m e c h a n i c a l  p r o p e r t i e s
a n d  a r e  t h e r e f o r e  n u c h  a p p l i e d  i n  r n a t e r i a l  r e i n f o r c e m e n t .  T h e  p r o b l e n
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Iin  the product ion of  these re inforced mater ia ls is  the hornogeneous
d i spe rs i on  o f  t he  d i f f i cu l t  ma in tenab le  wh i ske rs ,  w i t hou t  d i s t r oy i ng
them.  C l -ea r l y  t he  eu tec t i c  so l i d i f i ca t i on  p rocess  g i ves  an  answer  t o
th i s  d i spe rs i on  p rob lem.  Quench ing  o f  t he  eu tec t i c  l i qu i d  p roduced
random d i s t r i bu t i on  o f  t he  so l i ds  i nvo l ved ,  g i v i ng  r i se  t o  i so t r op i c
p r o p e r t i e s .  D i r e c t i o n a l  s o l i d i f i c a t i o n  m a y  y i e l d  w e l l - a l i g n e d  s t r u c -
t u res  w i t h  an i so t rop i c  p rope r t i es .  F rom the  p resen t  s t udy  i t  f o l l ows
tha t  a l i gnmen t  can  on l y  be  ob ta i - ned  i n  po l ymer i c  f i l n s  o r  t h i n  f i be r s
( see  Chap te r  6 ) ,  r a t he r  t han  i n  bu l k  ma te r i a l s .  The  f i na l  p rope r t i es
o f  t he  so l i d i f i ed  eu tec t i c s  na tu ra l l y  f a rge l - y  depend  on  t hose  o f  t he
cons t i t uen t s ,  i . e .  t he  po l ymer  and  t he  add i t i ve ( s ) ,  i n c l ud ing  an t i ox i -
d a n t s ,  u . v ,  s t a b i l i z e r s ,  d y e s ,  n u c l e a t i n g  a g e n t s ,  t a c k i f i e r s ,  a n t i -
s t a t i c s ,  e t c .  Spec ia l  a t t en t i on  shou ld  be  pa id  t o  eu tec t i c s  o f  a  po l y -
ne r  and  a  po l ymer i zab le  nonomer  g i v i ng  poss ib i l i t y  f o r  p roduc ing  po l y -
mer, /polymer composi tes.
The  second  f i e l d  o f  app l i ca t i on  o f  po l yne r i c  eu tec t i c s  i nvo l ves
po rous  nac romo lecu la r  ma te r i a l s ,  By  remova l  o f  t he  d i l uen t s  f r on  t he
so l i d i f i ed  eu tec t i c s  po rous  po l yne r i c  s t r uc tu res ' can  be  p roduced ,  i n
wh i ch  t he  po re  s i ze  depends  un ique l y  on  t he  ra te  o f  so l i d i f i ca t i on ,
rough l y  acco rd i ng  t o  t he  12 .n  =  cons tan t  r e l a t i on  ( see  Chap te r s  3 ,  6 ) .
Consequen t l y ,  eu tec t i c  so l i d i f i ca t i on  o f  po l ymer i c  sys tems  p rov i des  a
tool  in the preparat ion of  porous mater ia ls in which the pore diameter
can be governed to a large extent .  As demonstrated in the previous
chapter for  systems contain ing low molecular  weight  polyner ic species,
eu tec t i c  so l i d i f i ca t i on  p roduces  regu la r  s t r uc tu res  w í t h  con t i nuous
pores,  rather than in h igh nolecular :  polymer systens.  The loss in me-
chan i ca l  p rope r t i es  due  t o  app l y i ng  t hese  1ow  mo lecu la r  we igh t  po l ymer
species may be reduced by cross- l ink ing the rnacrornolecules af ter  the
s o l i d i f i c a t i o n  r e a c t i o n .
Espec ia l l y  i n  t he  p repa ra t i on  o f  po l ymer i c  membranes ,  hc l l ow  f i be r s ,
e t c .  eu tec t i c  so l i d i f i ca t i on  may  be  o f  impo r tance ,  s i nce  i n  nanu fac -
tur ing these species .h igh-tenperature gradients can be appl ied,  which
are knowu to promote regular  eutect ic  growth.
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